Introduction
The attention of the Director-General of the World Health Organization has recently been drawn to the fact that although the lung diseases causing pulmonary heart disease are being studied extensively in many parts of Circulation, Volume XXVII, April 1963 the world, there is little reliable information concerning the incidenee of important secondary effects on the pulmonary circulation and right ventricle.
The terms cor pulmonale and pulmonary heart disease can be used synonymously to describe these secondary effects upon the right ventricle, and it seems reasonable to continue to use either of these terms or their equivalents in various languages. These terms are customarily preceded by the word chronic, when it is intended, as in this report, to exelude secondary effects on the right heart arising in the course of a few days or weeks from acute pulmonary disorders.
Since cor pulmonale is the traditional and accepted term in most languages, using either the original Latin or its exact translation, cor pulmonale will be used exclusively in the present report.
Routine mortality statistics compiled according to the International Classification of Diseases cannot at present provide information on the frequenicy of cor pulmonale as this condition is not properly identified there, being allocated to the residual category "434. 4 Unspecified disease of heart." Moreover, according to the existing rules the classification stated by the physician on the death certificate would be related to the underlying cause of death and not to the resulting pulmonary heart disease. One therefore has to turn for indications of the frequency of cor pulmonale to the information derived from autopsies and hospital admissions. Here there are large differences in its reported prevalence. In autopsy series there is, for example, a range of from 0.9% of all cardiac autopsies in Massachusetts to 54% in Arizona, a favourite resort for subjects with respiratory diseases. So far as hospital admissions are concerned, high figures for the incidence of cor pulmonale among hospital admissions for heart failure ranging from 16% to 38% have been reported from places such as Belgrade, Delhi, Prague and Sheffield. In most reported series more than 50% of the cases are attributed to chronic bronchitis, asthma or emphysema, which con-stitute an ill-defined group of diseases of uncertain etiology. A large number of other diseases are implicated in various proportions.
From the above information, fragmentary though it is, it is fully apparent that chronic cor pulmonale is of clinical significance. It is furthermore evident that for certain areas of the world's population it has now been recognized to be numerically an important cause of chronic disease and death and therefore a mnatter of serious concern to public health.
That this has remained so long unrecognized is due probably to a number of causes. For many years the diagnosis was not made: the condition was obscured in the accompanying pulmonary manifestations on the one hand, or else it was identified on the other hand as some other form of heart disease. It is only recently that physiological relationships between chronic pulmonary disease and cor pulmonale have been worked out by the clinical physiologists, and still more recently that adequate methods of diagnosis have been established. Physiologists are only now in the process of simplifying these principles and methods of diagnosis so that the physician can add them to his clinical analysis. Furthermore, there has been no agreement among either physiologists, pathologists or clinicians as to terminology, and great difficulty therefore has arisen in communicating findings of mutual interest and importance.
The wide disparities in the reported incidence of the disease in different areas may simply reflect these inconsistencies in the diagnostic terminology and conventions. If, on the other hand, these reports do indicate real variations in disease experience, they may give important clues to those differences in local environment or ways of life which may underlie the geographical distribution of the disease. This brief statement will be perhaps a sufficient indication of the need for some unifying statement on chronic cor pulmonale.
The objectives of this report are as follows: (1) To define chronic cor pulmonale in terms useful for further discussion. (2) To provide a tentative classification of diseases which may be the cause of this synadrome. (3) To describe in broad terms the pathophysiology of cor pulmonale and to establish criteria for diagnosis.
If these objectives are attained even in part, it is believed that the report will provide a language with which physicians throughout the world can communicate with one another and compare clinical experience and researeh findings.
It is well known that many contributions of great importance in the pathophysiology of cor pulmonale have been made in recent years. It is not so well known, and insufficiently emphasized, that contributions of equal importance have been made in the description of the clinical picture and the natural history of the major forms of this syndrome. It may be noted that the physiological derangements and the clinical findings have also been correlated.
A clinical-physiological study of this kind permits a recognition of cor pulmonale in life that is useful. It is not always possible to predict from the history, clinical manifestations and diagnostic findings, the amount of right heart hypertrophy in any given case of chronic pulmonary disease, but one can determine with a fair degree of probability whether the patient has or does not have this hypertrophy, or is likely to develop it at some future time. Such clinical recognition is usually sufficient for management of the case.
With these considerations in mind, attention is given in this report to the natural history and clinical course of the major diseases causing chronic cor pulmonale and to the manifestations of this condition itself. There is no question but that further study along these lines is needed, or that the quantitative determination of right ventricular hypertrophy by pathologists requires more study and standardization of methods.
There is another aspect of cor pulmonale in which, by the combined efforts of physiologists and clinicians, great progress has been achieved, and that is in treatment. In Finally, the report contaiiis suggestions for future research and recommendations.
Definition and Classification of Chronic
Cor Pulmonale There are a large number of diseases in which alterations in the pulmonary circulation impose an increased load on the right ventricle which may result in hvpertrophy and ultimately failure. These diseases fall into three broad groups according to their primary impact on the lungs: (1) Diseases that primarily affect the ventilatory and respiratory function of the lungs.
(2) Diseases that act directly on the pulmonary vessels. In chronic bronchitis with emphysema the main disturbance is that of obstructed ventilation but this may be accompanied by various degrees of impairment of the pulmonary gas diffusion and by reduction in the ventilation-perfusion ratio. In severe pulmonary fibrosis the main disturbance is one of restrieted ventilation but this may be accompanied by reduction in pulmonary gas diffusion and in the ventilation-perfusion ratio. Table 1 and the functional disturbances as follows:
(1) Diseases primarily affecting air passages of the lung and the alveoli.
(2) Diseases primarily affecting the movements of the thoracic cage.
In both these groups alterations in respiratory function and in the pulmonary vascular resistance co-exist. There may be no observable cardiac abnormality in the chest radiograph. The heart may be small even in the presence of right ventricular hypertrophy. Enlargement of the right ventricle indicative of dilatation and not necessarily of hypertrophy may be seen in the lateral, though invisible in the postero-anterior (P.A.) position. Enlargement in the transverse diameter of the heart in the P.A. film is indicative of dilatation and not necessarily of hypertrophy. An alteration in contour of the pulmonary conus with filling-in of the normal concavity or actual convexity seen particularly in the right oblique position may be a manifestation of hypertrophy of the outflow tract of the right ventricle.
Changes in the size of the main pulmonary arteries or of their branches are related to altered haemodynamies of the pulmonary circulation rather than to hypertrophy of the ventricle. Dilatation of the stem and main branches of the pulmonary artery, and a contrast between the enlarged hilar and the diCirculation, Volume XXVII, April 1963 niinished peripheral vascular shadows are common radiological findings in pulmonary hypertension. In this respect they may indicate indirectly the existence of right ventricular hypertrophy.
Electrocardiographic findings
It must be appreciated that there may be no alterations in the electrocardiogram in eases of chronic cor pulmonale in spite of the presence at autopsy of right ventricular hypertrophy. There are, however, many observed deviations from the normal electrocardiogram. some of which are related to changes in the position of the heart and others of temporary phases of illness. Amongst all these deviations the changes usually accepted as those indicative of right ventricular hypertrophy appear and remain in a proportion of cases and therefore constitute important criteria in life.
The presence of a qR pattern with delayed R wave in VI (onset of intrinsicoid deflection more than 0.03 second) is not commonly seen in cor pulmonale, but, if present, may by itself be considered to be highly suggestive of right ventricular hypertrophy. It is often better observed in V3R and V4R which should thus be recorded in patients in whom right ventricular hypertrophy is suspected. In the absence of a qR pattern a combination of at least two of the following changes must be present for these alterations to be indicative of right ventricular hypertrophy:
(1) Alteration in the ratio R/S in the left chest leads with R/S less than 1 in V5.
(2) Predominant S wave in standard lead I. (3) Presence of an incomplete right bundle branch block with QRS less than 0.12 second.
The significance of a P pulmonale in which the P wave in lead II is 2.5 mm. or more in height, though considered to be suggestive of hypertrophy of the right atrium and seen in some patients with cor pulmonale, cannot be regarded as diagnostic of cardiac involvement. Right axis deviation of an extreme degree (110°or more) accompanies extreme rotation of the cardiac axis and so may be found in association with right ventricular hypertrophy. Inversion of the T wave in the preCirculation, Volume XXVII, April 1963 cordial leads Vi to V4 or in leads II and III may also occur, but may be transitory. A combination of one or more of these alterations in the P or T waves or the QRS complex, together with those mentioned in relation to right ventricular hypertrophy, reinforces the indication of cardiac disease.
Haemodynamic findings
The most accurate method of defining the altered state of the pulmonary circulation in cor pulmonale is that of cardiac catheterization which permits measurement of blood flow and pressures. Although the demonstration of pulmonary hypertension does not necessarily imply right ventricular hypertrophy, its presence implies strain upon the right ventriele, and persistent hypertension will certainly cause hypertrophy. Catheterization is needed, however, for diagnostic purposes in only very few patients. When Chronic cor pulmonale may be associated with ischaemic or hypertensive heart disease which may confuse the picture, and its recognition is essential in order that therapy should be directed to the causative pulmonary condition. An estimation of arterial pCO2 or at least of plasma bicarbonate will indicate the correct diagnosis.
Chronic Cor Pulmonale Secondary to Vascular Diseases

Anatomical alterations
The essential anatomical change is widespread narrowing or occlusion of pulmonary blood vessels, and the essential physiological change is the consequent increase in pulmonary vascular resistance, leading directly to a continuous increase in the work of the right heart. In general, it can be stated that a characteristic feature of this group, in its uncomplicated form, is manifest hypertrophy and enlargement of the right ventricle either preceding or with minimal clinical symptoms.
It is worth while drawing attention also to lesions of the pulmonary vasculature which may be considered to be reactions to changes in the pulmonary circulation, due to extrapulmonary factors. It seems that the pulmonary vessels have the property of reacting to alterations in the blood pressure, the bloodflow and the chemical composition of the blood. In many instances a reaction of the pulmonary vascular bed similar to that mentioned above results from disease of the left side of the heart or from congenital heart disease.
Clinical picture
The general picture of severe pulmonary hypertension, such as is seen in cor pulmonale due to schistosomiasis, will be first described, and this is followed by special comments on other examples. (c) Primar y pulmonary hypertension This is considered to be an example of a primary lesion of the pulmonary arterial wall. The existence of this disease is still denied by some authorities, but a few cases have been recognized which have pursued a rapid clinical course with characteristic physiological findings, yet in which at autopsy almost no anatomical changes are found. This suggests that at least in some cases a physiological increase in vascular resistance precedes anatomical changes. Clinically the disease is more often seen in young women than in men, and pursues a course that follows closely the gemieral description already given above. Only minor alteration occurs in the respiratory function. Some pathologists believe that this condition is not a primary disease but is due to multiple embolism.
(d) Pulmo nary vascular lesions occurring in situ, secondary to generalized systemic diseases In such diseases as polyarteritis or systemie lupus erythematosus, involvement of the pulmonary vascular bed may be such as to cause some right ventricular hypertrophy but this is not usually a serious part of the disease. The thrombosis in situt in the pulmonary vessels in sickle cell anaemia which may induce cor pulmonale is usually a late and often terminal event.
Treatment
Principles of Treatment of Pulmonary Diseases That May Cause Cor Pulmonale
Since the treatment of many of the diseases listed in Table 1 is either well established or largely ineffective, and the appropriate treatment for some of the rare conditions is still a matter for debate, the Committee considered only the treatment of chronic bronchitis and generalized airways obstruction.
Avoidance of bronchial irritants
All patients with chronie bronchitis should be persuaded to stop smoking, to avoid expoure to smoke and to take special precautions during fog. A change of occupation is indicated if there is clear evidence that some parCirculation, Volume XXVII, April 1963 ticular dust or fume to which a patient is exposed exacerbates his symptoms, and if the patient is employed out-of-doors in a smoky environment.
Treatment of infection
Since exacerbations of bronchial infection are nearly always the precipitating cause of cardiac failure in these patients, their prompt and effective treatment is of the greatest importance. The correct antibiotic must be chosen and given in adequate doses by the best route of administration. 5.1.3 Improvement of ventilation (a) Bronchodilators should be given in full dosage at frequent intervals.
(b) Corticosteroids. These drugs are effective in a proportion of cases of generalized airways obstruction, but it is difficult to forecast which patients are likely to respond. In general, those with persistent infection seldom respond, while those with an asthmatic type of history or with marked sputum eosinophilia are the most amenable to therapy.
(c) Control of excessive bronchial secretion. In patients with excessive sputum, postural drainage may be of great value. In severely ill patients with ineffective cough it may be necessary to aspirate sputum by a tracheal catheter. When this is necessary it is usually advisable to perform a tracheostomy.
(d) Oxygen therapy, respiratory stimulants and assisted respiration. Oxygen should be adininistered to all hypoxaemic cases of generalized obstructive lung disease. In some patients, relief of hypoxaemia decreases the ventilation and hypereapnia increases to dangerous levels, thus producing mental confusion and even coma. When this happens ventilation may be increased by large doses of respiratory stimulants.
When these drugs fail, tracheostomy followed by artificial ventilation by means of positive pressure or tank respirators should be instituted and continued until the patient is once more able to maintain adequate ventilation without assistance.
(e) Sedatives. Morphine and other respiratory depressants should never be prescribed Circulation, Volume XXVII, April 1963 in cases of generalized obstructive lung disease. Only the mildest hypnoties are safe in cases of ventilatory failure.
Principles of Treatment of Cardiac Failure in Cor Pulmonale
In general, the treatment of right ventricular failure does not differ essentially from that of other kinds of heart failure.
6. Prevention
Prevention of Causative Pulmonary Conditions
A review of the diseases underlying chronic cor pulmonale listed in Table 1 will make it clear that in some instances the primary cause may be prevented, while in others the evolution of cardiac complications may be delayed by effective treatment. Where the primary disorder is due to specific infections such as tuberculosis or schistosomiasis, the well-known methods of disease prevention are appropriate. In the pneumoconioses, measures designed to reduce dust exposure at work will be similarly effective. The major source of chronic cor pulmonale, however, is believed to be the group of pulmonary disorders in which multiple factors are to be discerned, sueh as chronic bronchitis, emphysema, asthma and bronchiectasis. The uncertainty of the factors, personal or environmental, which determine the development of these disorders limits the immediate prospect for effective prevention. On the other hand, recent studies in several fields of medicine have suggested the relevance of various aspects of the working or living environment and of certain personal characteristics and habits.
Mortality analyses have emphasized the gross excess in mortality from these disorders in men in middle life compared with women of the same age; and morbidity surveys of people of both sexes doing the same job suggest that this male excess is not due to any difference in occupational exposure or effort. Indeed, more detailed studies of personal habits and respiratory disability indicate that this sex disparity may be largely explained by differences in cigarette consumption. Prospective studies of men divided according to their smoking habits have confirmed that heavy smoking is associated with a high death rate from these chronic lung disorders.
The large differences in death rates between different parts of the same country cannot be attributed to differences in smioking habits, although some of the international disparities may be thus explained. The urban-rural gradient in mortalitv and morbidity, the concentration of high rates in iiidustrial areas, and the time relationships between fog and exacerbations of chronice bronchitis have stronglv suggested the part played by air pollution in the initiation or aggravation of these diseases.
Other urban circumstances such as the increased exposure to infection in crowded comiimunities may be important, but there is little firm evidence on this point.
Onie of the most striking features of the distribution of chronic bronchitis in the United Kingdom is the miarked social class gradient for the death rate, which among unskilled workers is five times the rate prevailing in the professional and manaaerial classes. This gradient also appears among the wives of the men, divided according to their husbands' occupation. The high death rate among the less skilled workers and their wives is thus probably due more to some factor in the domestic environment which they share than to anyv specific occupational risk to which the inan alone is exposed. There is no recognized standard procedure for the recognition and estimation of emphysema in the lungs at autopsy. It is important to realize that emphysema can be diagnosed and classified consistently only on preparations from lungs distended anid fixed before they are cut. The type of emphysema requires careful description, and the classification put forward by a British group of investigators4 is useful in that it distinguishes between simple dilatation and destructiye changes. Changes selectively affecting the respiratory bronchioles (centrilobular emphysema), those affecting the whole acinus (panacinar emphvsema) and those that are otherwise or irregularly distributed, are also distinguished. Illustrations are also given of suggested grades of severity. This appears to be the first attempt that has been made to provide a miethod of achieving uniformitv in the classification and grading of emphysema. The quantitative method proposed by Sweet et al.5 is an alternative technique.
Annex References
